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(57) ABSTRACT

An ultrasound diagnosis apparatus includes: an ultrasound
probe; a display; an 1mage processor; and a memory storing
istructions that, when executed by the image processor,
perform operations. The operations imncludes acquiring ultra-
sound data about an object; generating an ultrasound 1mage,
based on the acquired ultrasound data; generating a first
marker for a first object of interest (OOI) which 1s not
included in the generated ultrasound image; displaying the
generated ultrasound 1mage and a map 1mage representing a
viewing point corresponding to the ultrasound image, a
viewing direction, a region that a virtual ray reaches, and a
position of the first OOI; and marking the first marker to
correspond to the position of the first OOI on the ultrasound
image and the map 1mage.

18 Claims, 9 Drawing Sheets
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FIG. 3
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FIG. 4
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ULTRASOUND DIAGNOSIS APPARATUS
AND METHOD OF OPERATING THE SAME

RELATED APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2014-0195374, filed on Dec. 31, 2014,
in the Korean Intellectual Property Oflice, the disclosure of

which 1s incorporated herein in 1ts entirety by reference.

BACKGROUND

1. Field

One or more exemplary embodiments relate to an ultra-
sound diagnosis apparatus and a method of operating the
same, and more particularly, to an ultrasound diagnosis
apparatus and a method of operating the same, which display
positions of objects which are not marked on an ultrasound
1mage.

2. Description of the Related Art

Ultrasound diagnosis apparatuses transmit ultrasound si1g-
nals generated by transducers of a probe to an object and
receive echo signals retlected from the object, thereby
obtaining at least one 1mage of an internal part of the object
(e.g., soft tissues or blood flow). In particular, ultrasound
diagnosis apparatuses are used for medical purposes includ-
ing observation of the interior of an object, detection of
foreign substances, and diagnosis of damage to the object.
Such ultrasound diagnosis apparatuses provide high stabil-
ity, display images in real time, and are safe due to the lack
of radioactive exposure, compared to X-ray apparatuses.
Therefore, ultrasound diagnosis apparatuses are widely used
together with other image diagnosis apparatuses including a
computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, and the like.

Ultrasound diagnosis apparatuses may provide a bright-
ness (B) mode in which a reflection coeflicient of an
ultrasound signal reflected from an object 1s shown as a
two-dimensional (2D) mmage, a Doppler mode image in
which an 1mage of a moving object (particularly, blood tlow)
1s shown by using the Doppler effect, and an elastic mode
image 1n which a reaction difference between when com-
pression 1s applied to an object and when compression 1s not
applied to the object 1s expressed as an 1mage.

SUMMARY

One or more exemplary embodiments include an ultra-
sound diagnosis apparatus and a method of operating the
same, which marks a marker for an object, which 1s not
included 1n an ultrasound 1mage displayed by a display, to
correspond to a position of the object.

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows and, 1n part, will be apparent from the
description, or may be learned by practice of the presented
exemplary embodiments.

According to one or more exemplary embodiments, an
ultrasound diagnosis apparatus includes: a data acquirer that
acquires ultrasound data about an object; an 1mage processor
that generates an ultrasound 1mage, based on the ultrasound
data and generates a first marker for a first object of interest
(OOI) which 1s not included in the generated ultrasound
image; and a display that displays the generated ultrasound
image and marks the first marker to correspond to a position

of the first OQOI.
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The ultrasound data may be three-dimensional (3D) vol-
ume data, and the ultrasound 1mage may be a 3D ultrasound
image which 1s generated by volume-rendering the 3D
volume data.

The marker may include at least one selected from a text,
an 1mage, and a moving image which represent a corre-
sponding OOI.

The 1image processor may determine a color or a size of
the first marker, based on a position of the first OOI.

The 1mage processor may determine a size ol the first
marker, based on a distance between a region corresponding
to the ultrasound 1mage and a point 1n which the first OOl
1s located.

The 1mage processor may generate a second marker
corresponding to a second OOI which 1s included 1n the
generated ultrasound 1mage, and the display may mark the
second marker on the ultrasound image for the second
marker to correspond to a position of the second OOI.

The 1mage processor may differently form at least one
selected from colors and sizes of the first marker and the
second marker.

When the first OOI 1s located 1n a front region of a region
corresponding to the ultrasound image with respect to a
viewing direction, the display may mark the first marker on
the ultrasound 1mage.

The display may mark the first marker on a border region
of the ultrasound 1mage when the first OOI 1s located 1n at
least one selected from a left region, a right region, an upper
region, and a lower region of a region corresponding to the
ultrasound 1mage with respect to a viewing direction.

The display may mark the first marker on a map 1mage
representing a position of a region corresponding to the
ultrasound 1mage and a position of the first OOI.

According to one or more exemplary embodiments, a
method of operating an ultrasound diagnosis apparatus
includes: acquiring ultrasound data about an object; gener-
ating an ultrasound image, based on the ultrasound data;
generating a first marker for a first object of interest (OOI)
which 1s not included 1n the generated ultrasound 1image; and
displaying the generated ultrasound 1mage and marking the
first marker to correspond to a position of the first OOI.

The ultrasound data may be three-dimensional (3D) vol-
ume data, and the ultrasound 1mage may be a 3D ultrasound
image which 1s generated by volume-rendering the 3D
volume data.

The marker may include at least one selected from a text,
an 1mage, and a moving image which represent a corre-
sponding OOI.

The generating of the first marker may include determin-
ing a color or a size of the first marker, based on a position
of the first OOI.

The generating of the first marker may include determin-
ing a size of the first marker, based on a distance between a
region corresponding to the ultrasound image and a point in
which the first OOI 1s located.

The method may further include: generating a second
marker corresponding to a second OOI which 1s included 1n
the generated ultrasound 1mage, and marking the second
marker on the ultrasound image for the second marker to
correspond to a position of the second OOI.

The method may further include differently forming at
least one selected from colors and sizes of the first marker
and the second marker.

The marking of the first marker may include marking the
first marker on the ultrasound image when the first OOI 1s
located 1n a front region of a region corresponding to the
ultrasound 1mage with respect to a viewing direction.
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The marking of the first marker may include marking the
first marker on a border region of the ultrasound 1mage when
the first OOI 1s located 1n at least one selected from a left
region, a right region, an upper region, and a lower region
of a region corresponding to the ultrasound image with
respect to a viewing direction.

The marking of the first marker may include marking the
first marker on a map 1mage representing a position of a

region corresponding to the ultrasound 1mage and a position
of the first OOI.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
the exemplary embodiments, taken in conjunction with the
accompanying drawings 1n which:

FIG. 1 1s a block diagram showing a configuration of an
ultrasound diagnosis apparatus according to an exemplary
embodiment;

FIG. 2 1s a block diagram showing a configuration of an
ultrasound diagnosis apparatus according to an exemplary
embodiment;

FIG. 3 1s a diagram 1illustrating a method of rendering a
three-dimensional (3D) ultrasound image, according to an
exemplary embodiment;

FIG. 4 1s a diagram illustrating a 3D ultrasound image
according to an exemplary embodiment;

FIGS. 5A to 8B are diagrams 1llustrating examples where
a marker according to an exemplary embodiment 1s dis-
played by a display; and

FI1G. 9 15 a tlowchart 1llustrating a method of operating an
ultrasound diagnosis apparatus, according to an exemplary
embodiment.

DETAILED DESCRIPTION

Reference will now be made in detaill to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments
are merely described below, by referring to the figures, to
explain aspects of the present description.

The terms used 1n this specification are those general
terms currently widely used in the art in consideration of
functions regarding the inventive concept, but the terms may
vary according to the intention of those of ordinary skill in
the art, precedents, or new technology 1n the art. Also, some
terms may be arbitrarily selected by the applicant, and 1n this
case, the meaning of the selected terms will be described 1n
detail 1n the detailed description of the invention. Thus, the
terms used 1n the specification should be understood not as
simple names but based on the meaning of the terms and the
overall description of the mvention.

Throughout the specification, 1t will also be understood
that when a component “includes™ an element, unless there
1s another opposite description thereto, 1t should be under-
stood that the component does not exclude another element
and may further include another element. In addition, terms
such as “ ... unit”, “ ... module”, or the like refer to units
that perform at least one function or operation, and the units
may be implemented as hardware or software or as a

combination of hardware and software.
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Throughout the specification, an “ultrasound image”
refers to an 1mage of an object, which 1s obtained using
ultrasound waves. Furthermore, an “object” may be a
human, an amimal, or a part of a human or animal. For
example, the object may be an organ (e.g., the liver, the
heart, the womb, the brain, a breast, or the abdomen), a
blood vessel, or a combination thereof. Also, the object may
be a phantom. The phantom means a material having a
density, an eflective atomic number, and a volume that are
approximately the same as those of an organism. For
example, the phantom may be a spherical phantom having
properties similar to a human body.

Moreover, the ultrasound 1image may be implemented 1n
various ways. For example, the ultrasound 1mage may be at
least one of an amplitude (A) mode 1mage, a brightness (B)
mode 1mage, a color (C) mode 1mage, and a Doppler (D)
mode 1mage. Also, according to an embodiment of the
present invention, the ultrasound image may be a two-
dimensional (2D) image or a three-dimensional (3D) image.

Throughout the specification, a “user” may be, but 1s not
limited to, a medical expert, for example, a medical doctor,
a nurse, a medical laboratory technologist, or a medical
imaging expert, or a technician who repairs medical appa-
ratuses.

Reference will now be made in detail to embodiments,
examples of which are illustrated 1n the accompanying
drawings. In this regard, the present embodiments may have
different forms and should not be construed as being limited
to the descriptions set forth herein.

FIG. 1 1s a block diagram showing a configuration of an
ultrasound diagnosis apparatus 100 according to an embodi-
ment. Referring to FIG. 1, the ultrasound diagnosis appara-
tus 100 may include a probe 20, an ultrasound transceiver
115, an 1image processor 150, a communication module 170,
a display 160, a memory 180, an input device 190, and a
controller 195, which may be connected to one another via
buses 185.

In some embodiments, the ultrasound diagnosis apparatus
100 may be a cart type apparatus or a portable type appa-
ratus. Examples ol portable ultrasound diagnosis appara-
tuses may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smartphone, a
laptop computer, a personal digital assistant (PDA), and a
tablet PC.

The probe 20 transmuits ultrasound waves to an object 10
in response to a driving signal applied by the ultrasound
transceiver 115 and receives echo signals reflected by the
object 10. The probe 20 1ncludes a plurality of transducers,
and the plurality of transducers oscillate 1n response to
clectric signals and generate acoustic energy, that 1s, ultra-
sound waves. Furthermore, the probe 20 may be connected
to the main body of the ultrasound diagnosis apparatus 100
by wire or wirelessly, and according to embodiments, the
ultrasound diagnosis apparatus 100 may include a plurality
ol probes 20.

A transmitter 110 supplies a driving signal to the probe 20.
The transmitter 110 includes a pulse generator 112, a trans-
mission delaying unit 114, and a pulser 116. The pulse
generator 112 generates pulses for forming transmission
ultrasound waves based on a predetermined pulse repetition
frequency (PRF), and the transmission delaying umt 114
delays the pulses by delay times necessary for determining
transmission directionality. The pulses which have been
delayed correspond to a plurality of piezoelectric vibrators
included in the probe 20, respectively. The pulser 116
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applies a driving signal (or a driving pulse) to the probe 20
based on timing corresponding to each of the pulses which
have been delayed.

A recerver 120 generates ultrasound data by processing
echo signals recerved from the probe 20. The recerver 120
may 1nclude an amplifier 122, an analog-to-digital converter
(ADC) 124, a reception delaying unit 126, and a summing
unit 128. The amplifier 122 amplifies echo signals 1n each
channel, and the ADC 124 performs analog-to-digital con-
version with respect to the amplified echo signals. The
reception delaying unit 126 delays digital echo signals
output by the ADC 124 by delay times necessary for
determining reception directionality, and the summing unit
128 generates ultrasound data by summing the echo signals
processed by the reception delaying unit 126. In some
embodiments, the receiver 1120 may not include the ampli-
fier 1122. In other words, 11 the sensitivity of the probe 20
or the capability of the ADC 1124 to process bits 1is
enhanced, the amplifier 1122 may be omaitted.

The 1mage processor 150 generates an ultrasound 1image
by scan-converting ultrasound data generated by the ultra-
sound transceiver 115 and displays the ultrasound 1mage.
The ultrasound 1mage may be not only a grayscale ultra-
sound 1mage obtained by scanning an object in an amplitude
(A) mode, a brightness (B) mode, and a motion (M) mode,
but also a Doppler image showing a movement of an object
via a Doppler etlect. The Doppler image may be a blood
flow Doppler image showing flow of blood, a tissue Doppler
image showing a movement of tissue, or a spectral Doppler
image showing a moving speed of an object as a wavetorm.

A B mode processor 141 extracts B mode components
from ultrasound data and processes the B mode components.
An 1mage generator 155 may generate an ultrasound 1mage
indicating signal intensities as brightness based on the
extracted B mode components 141.

Similarly, a Doppler processor 142 may extract Doppler
components from ultrasound data, and the image generator
155 may generate a Doppler image indicating a movement
of an object as colors or wavelorms based on the extracted
Doppler components.

According to an embodiment, the image generator 155
may generate a three-dimensional (3D) ultrasound image via
volume-rendering with respect to volume data and may also
generate an elasticity image by 1maging deformation of the
object 10 due to pressure.

Furthermore, the 1mage generator 155 may display vari-
ous pieces ol additional information 1n an ultrasound 1mage
by using text and graphics. In addition, the generated
ultrasound 1mage may be stored in the memory 180.

The i1mage processor 150 according to an exemplary
embodiment may detect objects of iterest (OOIs) included
in an object and calculate positions of the detected OOls,
based on ultrasound data about the object. For example, the
OOIs may include an organ, a poly, a lump, etc.

The mmage processor 150 according to an exemplary
embodiment may generate a marker corresponding to each
of the detected OOIs and determine an attribute of the
marker, based on the position of a corresponding OOI. For
example, the 1image processor 150 may determine a size or
a color of the marker, based on whether the corresponding
OOl 1s included 1n the ultrasound image and a distance
between a region corresponding to the ultrasound 1mage and
a point where the corresponding OOI 1s positioned.

The display 160 displays the generated ultrasound image.
The display 160 may display not only an ultrasound 1mage,
but also various pieces of information processed by the
ultrasound diagnosis apparatus 100 on a screen 1mage via a
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graphical user mterface (GUI). In addition, the ultrasound
diagnosis apparatus 100 may include two or more displays
160 according to exemplary embodiments.

The display 160 may include at least one of a liquid
crystal display (LCD), a thin film transistor-liquid crystal
display (TFI-LCD), an organic light-emitting diode
(OLED), a flexible display, a 3D display, an electrophoretic
display, and a transparent display.

Moreover, when the display 160 forms a layer structure
along with a user mput unit and thus 1s configured with a
touch screen, the display 160 may be used as an input device
which enables information to be input by a user’s touch, in
addition to an output unit.

The touch screen may detect a touch pressure as well as
a touch input position and a touched area. Also, the touch
screen may detect a proximity touch as well as a real touch.

The display 160 according to an exemplary embodiment
may display the ultrasound image. Also, the display 160 may
mark the marker generated by the image processor 150 to
correspond to the position of the corresponding OOL.

The communication module 170 1s connected to a net-
work 30 by wire or wirelessly to communicate with an
external device or a server. The communication module 170
may exchange data with a hospital server or another medical
apparatus 1n a hospital, which 1s connected thereto via a
PACS. Furthermore, the communication module 170 may
perform data communication according to the digital 1mag-
ing and communications in medicine (DICOM) standard.

The commumication module 170 may transmit or receive
data related to diagnosis of an object, e.g., an ultrasound
image, ultrasound data, and Doppler data of the object, via
the network 30 and may also transmit or receive medical
images captured by another medical apparatus, €.g., a com-
puted tomography (C1) apparatus, a magnetic resonance
imaging (MRI) apparatus, or an X-ray apparatus. Further-
more, the communication module 170 may receirve infor-
mation about a diagnosis history or medical treatment sched-
ule of a patient from a server and utilizes the recerved
information to diagnose the patient. Furthermore, the com-
munication module 170 may perform data communication
not only with a server or a medical apparatus 1n a hospital,
but also with a portable terminal of a medical doctor or

patient.

The communication module 170 1s connected to the
network 30 by wire or wirelessly to exchange data with a
server 32, a medical apparatus 34, or a portable terminal 36.
The communication module 170 may include one or more
components for communication with external devices. For
example, the communication module 1300 may include a
local area communication module 171, a wired communi-
cation module 172, and a mobile communication module
173.

The local area communication module 171 refers to a
module for local area communication within a predeter-
mined distance. Examples of local area communication
techniques according to an embodiment may include, but are
not limited to, wireless LAN, Wi-F1, Bluetooth, ZigBee,
Wi-F1 Direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), and near
field communication (NFC).

The wired communication module 172 refers to a module
for communication using electric signals or optical signals.
Examples of wired communication techniques according to
an embodiment may include communication via a twisted
pair cable, a coaxial cable, an optical fiber cable, and an
Ethernet cable.
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The mobile communication module 173 transmits or
receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may
be voice call signals, video call signals, or various types of
data for transmission and reception of text/multimedia mes-
sages.

The memory 180 stores various data processed by the
ultrasound diagnosis apparatus 100. For example, the
memory 180 may store medical data related to diagnosis of
an object, such as ultrasound data and an ultrasound image
that are input or output, and may also store algorithms or
programs which are to be executed in the ultrasound diag-
nosis apparatus 100.

The memory 180 may be any of various storage media,
¢.g., a flash memory, a hard disk drnive, EEPROM, etc.
Furthermore, the ultrasound diagnosis apparatus 100 may
utilize web storage or a cloud server that performs the
storage function of the memory 180 online.

The input device 190 refers to a means via which a user
inputs data for controlling the ultrasound diagnosis appara-
tus 50. The mput device 190 may include hardware com-
ponents, such as a keypad, a mouse, a touch pad, a track ball,
and a jog switch. However, embodiments are not limited
thereto, and the input device 190 may further include any of
vartous other input units including an electrocardiogram
(ECG) measuring module, a respiration measuring module,
a voice recognition sensor, a gesture recognition sensor, a
fingerprint recognition sensor, an 1ris recognition sensor, a
depth sensor, a distance sensor, etc. Particularly, the mnput
device 190 may include the touch screen which forms the
layer structure along with the display 160.

In this case, the ultrasound diagnosis apparatus 100
according to an exemplary embodiment may display an
ultrasound 1mage having a certain mode and a control panel
for the ultrasound image. Also, the ultrasound diagnosis
apparatus 100 may sense through the touch screen a user’s
touch gesture for the ultrasound image.

The ultrasound diagnosis apparatus 100 according to an
exemplary embodiment may physically include some but-
tons, which are frequently used by a user, among a plurality
ol buttons 1included 1n a control panel of a general ultrasound
apparatus, and the other buttons may be provided through
the touch screen 1n a GUI type.

The controller 195 may control all operations of the
ultrasound diagnosis apparatus 100. In other words, the
controller 195 may control operations among the probe 20,
the ultrasound transceiver 100, the image processor 150, the
communication module 170, the memory 180, and the user
device 190 shown i FIG. 2.

All or some of the probe 20, the ultrasound transceiver
115, the image processor 150, the display 160, the commu-
nication module 170, the memory 180, the user device 190,
and the controller 195 may be implemented as software
modules. However, embodiments of the present immvention
are not limited thereto, and some of the components stated
above may be implemented as hardware modules. Further-
more, at least one selected from the ultrasound transceiver
115, the image processor 150, and the communication
module 170 may be included 1n the controller 195. However,
embodiments ol the present invention are not limited
thereto.

FIG. 2 1s a block diagram showing a configuration of an
ultrasound diagnosis apparatus 200 according to an exem-
plary embodiment. Referring to FIG. 2, the ultrasound
diagnosis apparatus 200 may include a data acquirer 210, an
image processor 220, and a display 230.
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The data acquirer 210 of FIG. 2 may be an element
corresponding to the probe 20 or ultrasound transceiver 115
of FIG. 1, the image processor 220 of FIG. 2 may be an
clement corresponding to the image processor 150 of FIG.
1, and the display 240 of FIG. 2 may be an element
corresponding to the display 160 of FIG. 1.

The data acquirer 210 may acquire ultrasound data about
an object. The data acquirer 210 may transmit an ultrasound
wave to the object, and receive an echo signal reflected from
the object, thereby 3D volume data.

Alternatively, the data acquirer 210 may receive the 3D

volume data from an external device through the commu-
nication module 170 of FIG. 1.

The 3D volume data may be data which 1s acquired by
using a phased probe, a linear probe, or a convex probe. A
shape of volume data may be changed depending on the kind
ol a probe.

The mmage processor 220 may generate an ultrasound
image of the object, based on the acquired ultrasound data.
In this case, the ultrasound 1image may be a 2D ultrasound
image or a 3D ultrasound 1mage.

For example, the image processor 220 may volume-
render the 3D volume data to generate a 3D ultrasound
image. Volume-rendering of the 3D ultrasound image may
be performed based on a model including volume data, a
viewing point, a viewing direction, and a screen.

Retferring to FIG. 3, by volume-rendering the 3D ultra-
sound 1mage, a viewing point 1 may be determined, and a
screen 2 may be determined based on the determined
viewing point 1. In this case, the viewing point 1 represents
a direction in which a viewer observes 3D volume data 50.
Also, the screen 2 represents a projection surface on which
the volume data 50 1s projected from the viewing point 1,
and represents a 2D screen on which an 1mage generated
through the volume-rendering 1s displayed.

The volume data 50 may include a plurality of voxels, and
a voxel 1s a compound word of “volume” and “pixel”. If a
pixel defines one point of a 2D plane, the voxel defines one
point of a 3D space. Also, the pixel includes an x coordinate
and a vy coordinate, and the voxel includes x, y, and z
coordinates.

The ultrasound diagnosis apparatus 200 according to an
exemplary embodiment may perform a volume-rendering
operation by using a ray casting method. For example, as
illustrated 1n FIG. 3, the ray casting method may 1rradiate a
virtual ray 60 on a pixel 25 of a display screen from the
viewing point 1 and detect voxels, through which the ray 60
passes, from the voxels of the volume data 50. Also, the
ultrasound diagnosis apparatus 200 may determine a bright-
ness value (or transparency) ol the pixel 25, based on
brightness values of the detected voxels.

For example, the ultrasound diagnosis apparatus 200 may
determine, as the brightness value of the pixel 25, a highest
brightness value among the brightness values of the detected
voxels. Alternatively, the ultrasound diagnosis apparatus
200 may determine, as the brightness value of the pixel 25,
a lowest brightness value among the brightness values of the
detected voxels. Alternatively, the ultrasound diagnosis
apparatus 200 may determine an average value of the
brightness values of the detected voxels as the brightness
value of the pixel 25. However, the present embodiment 1s
not limited thereto.

Moreover, the ultrasound diagnosis apparatus 200 may
volume-render the volume data 50 by using one of well-
known volume-rendering methods 1n addition to the above-
described volume-rendering method.
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Moreover, the i1mage processor 220 according to an
exemplary embodiment may detect OOIs included 1n the
object and calculate positions of the detected OOIs, based on
the ultrasound data about the object. For example, the OOIs
may include an organ, a poly, a lump, etc. Also, the OOIs
detected and the positions of the OOIs calculated by the
image processor 150 may be mapped and stored in the
memory 180 of FIG. 1.

The OOIs may be classified into a first OOI, which 1s not
included 1n the generated ultrasound image, and a second
OOI which 1s included in the generated ultrasound 1mage.
For example, 1n a case of generating a 3D ultrasound image
through volume-rendering of volume data, only an OOI
located 1n a region that a virtual ray reaches may be included
in an ultrasound 1mage.

On the other hand, an OOI which 1s not located 1n the
region that the virtual ray reaches may not be included in the
ultrasound 1image. Also, when an OOl 1s located 1n the region
(a visible region) that the virtual ray reaches, but 1s covered

by another object (when opacity of voxels corresponding to
the other object 1s high), the OOI may not be included 1n the
ultrasound 1mage.

Moreover, the 1mage processor 220 may generate a
marker corresponding to each of the detected OOIs. The
marker may include at least one selected from a text, an
image, and a moving image which represent a corresponding
OOI. For example, the marker may be expressed as a text
representing a name of the corresponding OOI, and may be
expressed as an 1mage or a moving image which corre-
sponds to the corresponding OOI.

The i1mage processor 220 according to an exemplary
embodiment may determine a color or a size of a first marker
corresponding to the first OOI, based on a position of the
first OOI. For example, as a distance between a region
corresponding to the ultrasound image and a point where the
first OOl 1s located increases, the 1mage processor 220 may
generate the first marker having a relatively smaller size, and
as the distance between the region corresponding to the
ultrasound 1image and the point where the first OOI 1s located
decreases, the 1mage processor 220 may generate the first
marker having a relatively larger size.

The mmage processor 220 according to an exemplary
embodiment may differently form at least one selected from
colors and sizes of the first marker and a second marker
corresponding to the second OOI.

The display 230 may display the ultrasound 1mage gen-
erated by the 1image processor 220. For example, 1llustrated
in FIG. 4, an ultrasound image 310 displayed by the display
230 may be a 3D ultrasound 1image which 1s generated by
volume-rendering volume data. Also, the ultrasound 1mage
310 may be a virtual endoscope 1mage. The virtual endo-
scope 1mage denotes an 1image having the same view as that
of an 1image which 1s obtained by directly photographing the
inside of an object with an endoscope inserted into the
object.

Moreover, as illustrated 1n FIG. 4, the display 230 may
mark the markers (for example, #Polypl, #Polyp2, and
#Rectum) generated by the 1mage processor 220 to corre-
spond to respective positions of the OOIs. In this case, a
second marker #Polypl corresponding to a second OOI (for
example, a polyp) included in the ultrasound 1mage 310 and
first markers (for example, #Polyp2 and #Rectum) respec-
tively corresponding to first OOIs (for example, a lump and
a rectum) which are not included in the ultrasound image
310 may be marked in different colors. Also, sizes of the first
markers (for example, #Polyp2 and #Rectum) may be dii-
terently marked based on a distance between points where
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the first markers are located. For example, a marker #Rec-
tum, which corresponds to the rectum farthest away from a
region corresponding to the ultrasound image 310, among
the first markers (for example, #Polyp2 and #Rectum) may
be smallest marked, and a marker #Polyp2 corresponding to
the lump closest to the region corresponding to the ultra-
sound 1mage 310 may be largest marked.

Moreover, the display 230 may mark the first markers on
the ultrasound 1mage 310 when the first OOIs are located in
a front region of the region corresponding to the ultrasound
image 310 with respect to a viewing direction. Also, the
display 230 may mark the first markers on a border region
of the ultrasound 1image 310 when the first OOIs are located
in at least one selected from a left region, a right region, an
upper region, and a lower region of the region corresponding
to the ultrasound image 310 with respect to the viewing
direction.

Moreover, the display 230 may mark the second marker
on the ultrasound 1mage 310 to correspond to a position of
the second OOL.

Moreover, the display 230 may further display a map
image that represents a position of the region corresponding
to the ultrasound 1mage 310 and positions of the first OOIs.

FIGS. 5 to 8 are diagrams 1llustrating examples where a
marker according to an exemplary embodiment 1s displayed
by a display.

FIG. 5A 1s a diagram 1llustrating a case where an OOI
according to an exemplary embodiment 1s not included 1n an
ultrasound 1mage, namely, an example where a marker for a
first OOI 1s marked. FIG. 5B 1s a diagram 1illustrating a case
where an OOI according to an exemplary embodiment 1s
included in an ultrasound 1image, namely, an example where
a marker for a second OOI 1s marked.

Referring to FIG. 5A, the display 230 according to an
exemplary embodiment may display a rendered 3D ultra-
sound 1mage (a first ultrasound 1mage 440). The first ultra-
sound 1mage 440 may be an 1mage which 1s obtained
through rendering based on brightness values of voxels
intersecting a virtual ray which 1s rradiated on 3D volume
data 1 a first viewing direction 413 with a first point 410 as
a viewing point.

A first region 420 may be a region which an 1rradiated
virtual ray reaches in volume-rendering a first ultrasound
image. Therefore, an OOI (a second OOI) located 1n the first
region 420 may be included in the first ultrasound 1mage
440, but an OOI (a first OOI) which 1s not located 1n the first
region 420 may not be included 1n the first ultrasound 1mage
440. For example, as illustrated in FIG. SA, a virtual ray
does not reach a polyp 430 which 1s not located 1n the first
region 420, and thus, the polyp 430 1s not marked on the first
ultrasound 1mage 440.

The ultrasound diagnosis apparatus 100 (200) may detect
the polyp 430 which 1s the first OOI, based on ultrasound
data about an object and calculate a position of the polyp
430. Also, the ultrasound diagnosis apparatus 100 (200) may
generate a first marker (#Polyp) 450 corresponding to the
polyp 430, and mark the first marker 450 to correspond to
the calculated position of the polyp 430.

For example, as illustrated 1n FIG. 5A, when the polyp
430 1s located 1n front of the first region 420 along the first
viewing direction 413, the ultrasound diagnosis apparatus
100 (200) may mark the first marker (#Polyp) 450 on the
first ultrasound 1mage 440. In this case, the ultrasound
diagnosis apparatus 100 (200) may mark the first marker
(#Polyp) 450, based on a direction of a point where the polyp
430 1s located with respect to the first point 410. For
example, when the polyp 430 1s located at a lower portion
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of a front left side with respect to the first point 410, as
illustrated 1n FIG. SA, the first marker (#Polyp) 450 may be
marked at a lower portion of a left side with respect to a
center of the ultrasound 1image 440.

A size of the marked first marker (#Polyp) 450 may be
determined based on a distance between the first point 410
and a point where the polyp 430 1s located. For example, as
a distance between the first point 410 and the polyp 430
increases, the ultrasound diagnosis apparatus 100 (200) may
small mark the size of the first marker (#Polyp) 450.
Therefore, when the first marker (#Polyp) 450 1s small
marked, a user easily recognizes that the polyp 430 1s far
away Ifrom the first point 410.

Referring to FIG. 5B, the ultrasound diagnosis apparatus
100 (200) may move a viewing point from the first point 410
to a second point 415 without changing the viewing direc-
tion 413, and render the ultrasound data, thereby generating
a second ultrasound 1mage 445.

When the viewing point 1s moved from the first point 410
to the second point 415, the region which the virtual ray
reaches may be moved from the first region 420 to a second
region 425. Therefore, the polyp 430 may be located in the
second region 425 and may be included in the second
ultrasound 1image 44S5.

The ultrasound diagnosis apparatus 100 (200) may gen-
erate a second marker (#Polyp) 455 corresponding to a
polyp 425 which 1s a second OOI, and mark the second
marker (#Polyp) 455 on a region where the polyp 425 1s
located 1n the second ultrasound image 445.

Moreover, a size of the marked second marker (#Polyp)
455 may be determined based on a distance between the
second point 415 and a point where the polyp 425 1s located.
For example, as a distance between the second point 415 and
the polyp 425 increases, the ultrasound diagnosis apparatus
100 (200) may small mark the size of the second marker
(#Polyp) 455, and as the distance between the second point
415 and the polyp 425 decreases, the ultrasound diagnosis
apparatus 100 (200) may largely mark the size of the second
marker (#Polyp) 4355. Therefore, when the second marker
(#Polyp) 455 1s small marked, a user easily recognizes that
the polyp 425 1s far away from the second point 415.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may mark a second marker, corresponding to a second OOl
included 1n an ultrasound 1mage, 1n a color different from
that of a first marker corresponding to a first OOI which 1s
not mcluded 1n the ultrasound image. For example, the first
marker (#Polyp) 450 illustrated in FIG. SA may be marked
in a first color, and the second marker (#Polyp) 455 1llus-
trated in FIG. 5B may be marked in a second color.

Accordingly, the user easily determines whether an OOI
corresponding to a marker i1s mcluded in an ultrasound
image.

Referring to FIGS. 6A and 6B, the ultrasound diagnosis
apparatus 100 (200) may display ultrasound 1images 310 and
515 and map 1mages 3520 and 3525. A {irst map 1mage 520
may be an 1image that represents a viewing point correspond-
ing to a first ultrasound 1mage 510, a viewing direction, a
region that a virtual ray reaches, and positions of extracted
OOIs. Also, a second map 1mage 525 may be an 1mage that
represents a viewing point corresponding to a second ultra-
sound 1mage 5135, a viewing direction, a region that a virtual
ray reaches, and positions of extracted OOls.

Moreover, the map 1mages 520 and 3525 may be 1images
where viewing points corresponding to the ultrasound
images 310 and 3515, a viewing direction, a region that a
virtual ray reaches, and positions of extracted OOIs are
marked to overlap on a slice image of an object.
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Moreover, the ultrasound diagnosis apparatus 100 (200)
may mark a marker according to an exemplary embodiment
on a map i1mage in order for the mark to correspond to a
position of an OOI. For example, referring to FIG. 6A, the
ultrasound diagnosis apparatus 100 (200) may mark a first
marker (#Polyp) 540, corresponding to an OOI (a first OOI)
which 1s not included in the first ultrasound image 510, on
the first map image 520. In this case, the first marker
(#Polyp) 540 may be marked at a certain point outside a first
region 350 (a region that a virtual ray reaches). Therefore, a
user easily recognizes that an OOI corresponding to the first
marker (#Polyp) 540 marked outside the first region 1s not
included 1n an ultrasound 1mage.

Moreover, referring to FIG. 6B, the ultrasound diagnosis
apparatus 100 (200) may mark a second marker (#Polyp)
545, corresponding to an OOI (a second OOI) which 1s
included 1n the second ultrasound 1image 515, on the second
map 1mage 3525. In this case, the second marker (#Polyp) 545
may be marked at a certain point 1inside a second region 53535
(a region that a virtual ray reaches). Therefore, the user
casily recognizes that an OOI corresponding to the second
marker (#Polyp) 545 marked 1n the second region 555 1s
included in the ultrasound image.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may adjust a viewing point and a viewing direction 1n order
for a certain OOl to be marked on an ultrasound i1mage,
based on a viewing point, a viewing direction, a region that
a virtual ray reaches, and a position relationship of a first
marker.

For example, as marked on the first map 1mage 520 of
FIG. 6A, when a polyp 1s positioned 1n front of the first
region 350, the ultrasound diagnosis apparatus 100 (200)
may maintain a viewing direction and move a viewing point
to a second point 565, and perform control 1 order for the
polyp to be added 1nto a region 5535 that a virtual ray reaches.
Theretfore, the polyp may be marked on the second ultra-
sound 1mage 315.

FIGS. 7A and 7B are diagrams illustrating an example
where a marker for a first OOI according to an exemplary
embodiment 1s marked, and FIG. 7C 1s a diagram 1illustrating
an example where a marker for a second OOI according to
an exemplary embodiment 1s marked.

Retferring to FIG. 7A, the display 230 according to an
exemplary embodiment may display a rendered 3D ultra-
sound 1mage (a first ultrasound 1image) 611. The first ultra-
sound 1mage 611 may be an image which 1s obtained through
rendering based on brightness values of voxels intersecting
a virtual ray which 1s 1rradiated on 3D volume data 1n a first
viewing direction 613 with a first pomnt 610 as a viewing
point.

A first region 620 may be a region which an 1rradiated
virtual ray reaches in volume-rendering the first ultrasound
image 611. Therefore, an OOI (a second OOI) located 1n the
first region 620 may be included 1n the first ultrasound 1mage
611, but an OOI (a first OOI) which 1s not located 1n the first
region 620 may not be included 1n the first ultrasound 1mage
440. For example, as illustrated 1in FIG. 7A, a virtual ray
does not reach a polyp 630 which 1s not located in the first
region 620, and thus, the polyp 630 1s not marked on the first
ultrasound 1mage 611.

The ultrasound diagnosis apparatus 100 (200) may detect
the polyp 630 which 1s the first OOI, based on ultrasound
data about an object and calculate a position of the polyp
630. Also, the ultrasound diagnosis apparatus 100 (200) may
generate a marker (a first marker) 650 corresponding to the
polyp 630, and mark the first marker 650 to correspond to
the calculated position of the polyp 630.
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For example, as illustrated 1in FIG. 7A, when the polyp
630 1s not located in a first viewing direction 613, the
ultrasound diagnosis apparatus 100 (200) may mark the
marker 6350 on border regions 661 to 664 of the first
ultrasound 1mage 611. In this case, the ultrasound diagnosis
apparatus 100 (200) may mark the marker 650, based on a
direction of a region where the polyp 630 1s located with
respect to the first region 620. For example, when the polyp
630 1s located 1n a left region of the first region 620 with
respect to the first viewing direction 613, the ultrasound
diagnosis apparatus 100 (200) may mark the marker 650 on
a left region 661 among the border regions 661 to 664 of the
first ultrasound 1mage 611.

Moreover, when the polyp 630 1s located 1n a right region
of the first region 620, the ultrasound diagnosis apparatus
100 (200) may mark the marker 650 on a right region 663
among the border regions 661 to 664 of the first ultrasound
image 611. Also, when the polyp 630 1s located 1n an upper
region 662 of the first region 620, the ultrasound diagnosis
apparatus 100 (200) may mark the marker 650 on an upper
region 662 among the border regions 661 to 664 of the first
ultrasound 1mage 611. Also, when the polyp 630 1s located
in a lower region of the first region 620, the ultrasound
diagnosis apparatus 100 (200) may mark the marker 650 on
a lower region 614 among the border regions 661 to 664 of
the first ultrasound 1mage 611.

Moreover, when the polyp 630 1s located higher than a
camera with respect to a height of the camera, the ultrasound
diagnosis apparatus 100 (200) may mark the marker 650 on
an upper end of a left region 661, and when the polyp 630
1s located lower than the camera with respect to the height
of the camera, the ultrasound diagnosis apparatus 100 (200)
may mark the marker 650 on a lower end of the leit region
661.

Moreover, a size of the marked marker 650 may be
determined based on a distance between the first point 610
and a point where the polyp 630 1s located. For example, as
a distance between the first point 610 and the polyp 630
increases, the ultrasound diagnosis apparatus 100 (200) may
small mark the size of the marker 650. Therefore, when the
marker 650 1s small marked, the user easily recognizes that
the polyp 630 1s far away from the first point 610.

Referring to FIG. 7B, the ultrasound diagnosis apparatus
100 (200) may mark a marker 680, corresponding to the
polyp 630, on the first ultrasound 1mage 611.

The ultrasound diagnosis apparatus 100 (200) may mark
the marker 680, based on a direction of a region where the
polyp 630 1s located with respect to the first region 620. For
example, when the polyp 630 1s located 1n the lett region of
the first region 620 with respect to the first viewing direction
613, the ultrasound diagnosis apparatus 100 (200) may mark
the marker 680 on the left region 661 of the first ultrasound
image 611.

Moreover, when the polyp 630 1s located in the right
region ol the first region 620, the ultrasound diagnosis
apparatus 100 (200) may mark the marker 680 on a rnight
region of the first ultrasound image 611. Also, when the
polyp 630 1s located 1n an upper region of the first region
620, the ultrasound diagnosis apparatus 100 (200) may mark
the marker 680 on an upper region of the first ultrasound
image 611. Also, when the polyp 630 15 located 1n a lower
region of the first region 620, the ultrasound diagnosis
apparatus 100 (200) may mark the marker 680 on a lower
region of the first ultrasound 1mage 611. Referring to FIG.
7C, the ultrasound diagnosis apparatus 100 (200) may
change a viewing direction from the first viewing direction
613 to the second viewing direction 615 without changing
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the viewing point 610, and render ultrasound data, thereby
generating a second ultrasound 1mage 621.

When the viewing direction 1s moved from the first
viewing direction 613 to the second viewing direction 615,
a region that a virtual ray reaches may be moved from the
first region 620 to the second region 625. Therefore, the
polyp 630 may be located 1n the second region 6235, and ma
be mncluded 1n the second ultrasound 1mage 621.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may generate a second marker (#Polyp) 655 corresponding
to the polyp 630 that 1s a second OOI, and mark the second
marker (#Polyp) 655 on a region where the polyp 630 1s
located 1n the second ultrasound 1mage 621. In this case, a
s1ze ol the second marker (#Polyp) 655 may be determined
based on a distance between the first point 610 and a point
where the polyp 630 1s located, and the second marker
(#Polyp) 655 may be marked 1n a color different from that
of the first marker 650.

Referring to FIGS. 8A and 8B, the ultrasound diagnosis
apparatus 100 (200) may display ultrasound images 711 and
712 and map images 720 and 725. The map images 720 and
725 may be images that represent viewing points corre-
sponding to the ultrasound 1mages 711 and 712, a viewing
direction, a region that a virtual ray reaches, and positions of
extracted OOls.

Moreover, the map 1mages 720 and 725 may be 1images
where viewing points corresponding to the ultrasound
images 711 and 712, a viewing direction, a region that a
virtual ray reaches, and positions of extracted OOIs are
marked to overlap on a slice 1mage of an object.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may mark a marker according to an exemplary embodiment
on a map image in order for the mark to correspond to a
position ol an OOI. For example, referring to FIG. 8A, the
ultrasound diagnosis apparatus 100 (200) may mark a first
marker (#Polyp) 740, corresponding to an OOI (a first OOI)
which 1s not included 1n the first ultrasound 1mage 711, on
a first map 1image 720. In this case, the first marker (#Polyp)
740 may be marked at a certain point outside a first region
750 (a region that a virtual ray reaches). Theretfore, the user
casily recognizes that an OOI corresponding to the first
marker (#Polyp) 740 marked outside the first region 750 1s
not included in an ultrasound 1mage.

Moreover, referring to FIG. 8B, the ultrasound diagnosis
apparatus 100 (200) may mark a second marker (#Polyp)
745, corresponding to an OOI (a second OOI) which 1s
included 1n the second ultrasound 1image 712, on the second
map 1mage 3525. In this case, the second marker (#Polyp) 745
may be marked at a certain point inside a second region 733
(a region that a virtual ray reaches). Therefore, the user
casily recognizes that an OOI corresponding to the second
marker (#Polyp) 745 marked in the second region 1s
included in the ultrasound image.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may adjust a viewing point and a viewing direction in order
for a certain OOl to be marked on an ultrasound i1mage,
based on a viewing point, a viewing direction, a region that
a virtual ray reaches, and a position relationship of a first
marker.

For example, as marked on the first map 1mage 720 of
FIG. 8A, when a polyp 1s positioned 1n a left region of the
first region 750, the ultrasound diagnosis apparatus 100
(200) may maintain a viewing direction and move only a
viewing point, and perform control 1n order for the polyp to
be added into a region 755 that a virtual ray reaches.

Therefore, the polyp may be marked on the second
ultrasound 1mage 712.
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FIG. 9 1s a flowchart illustrating a method of operating an
ultrasound diagnosis apparatus, according to an exemplary
embodiment.

Referring to FIG. 9, 1n operation S810, the ultrasound
diagnosis apparatus 100 (200) may acquire ultrasound data
about an object.

The ultrasound diagnosis apparatus 100 (200) may trans-
mit an ultrasound wave to the object, and receive an echo
signal reflected from the object, thereby acquiring the ultra-
sound data. Alternatively, the ultrasound diagnosis apparatus
100 (200) may receive the ultrasound data from an external
device. The ultrasound data according to an exemplary
embodiment may be 3D volume data.

In operation S820, the ultrasound diagnosis apparatus 100
(200) may generate an ultrasound image, based on the
ultrasound data.

The ultrasound diagnosis apparatus 100 (200) may gen-
erate a 2D ultrasound 1mage or a 3D ultrasound image. For
example, the ultrasound diagnosis apparatus 100 (200) may
volume-render the 3D volume data to generate the 3D
ultrasound 1mage. Volume-rendering of the 3D ultrasound
image may be performed based on a model including
volume data, a viewing point, a viewing direction, and a
screen.

The ultrasound diagnosis apparatus 100 (200) according
to an exemplary embodiment may perform a volume-ren-
dering operation by using the ray casting method. For
example, as described above with reference to 1n FIG. 3, the
ray casting method may a rendering technique that irradiates
a virtual ray on a pixel of a display screen from a viewing
point, detects voxels, through which the ray passes, from
voxels of volume data, and determines a brightness value (or
transparency) of the pixel, based on brightness values of the
detected voxels.

Theretfore, an ultrasound 1mage of a region (volume data
that a virtual ray reaches) that the virtual ray reaches may be
generated.

In operation S830, the ultrasound diagnosis apparatus 100
(200) may extract a position of a first OOI which 1s not
included 1n the generated ultrasound 1mage, and generate a
first marker for the first OOI.

For example, the ultrasound diagnosis apparatus 100
(200) may detect OOIs included 1n the object and calculate
positions of the detected OOIs, based on the ultrasound data
about the object. For example, the OOIs may include an
organ, a poly, a lump, etc. Also, the ultrasound diagnosis
apparatus 100 (200) may map and store the OOIs and the
positions of the OOlIs.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may generate a marker corresponding to each of the detected
OOIs. The marker may include at least one selected from a
text, an i1mage, and a moving image which represent a
corresponding OOI.

The OOIs may be classified into a first OOI, which 1s not
included in the generated ultrasound image, and a second
OOI which 1s included 1n the generated ultrasound 1mage.

The ultrasound diagnosis apparatus 100 (200) may deter-
mine a color or a size of the first marker corresponding to the
first OO, based on a position of the first OOI. For example,
as a distance between a region corresponding to the ultra-
sound 1mage and a point where the first OOI 1s located
increases, the ultrasound diagnosis apparatus 100 (200) may
generate the first marker having a relatively smaller size, and
as the distance between the region corresponding to the
ultrasound 1image and the point where the first OOl 1s located
decreases, the ultrasound diagnosis apparatus 100 (200) may
generate the first marker having a relatively larger size. Also,

10

15

20

25

30

35

40

45

50

55

60

65

16

the ultrasound diagnosis apparatus 100 (200) may differently
form at least one selected from colors and sizes of the first
marker and a second marker corresponding to the second
OOL.

In operation S840, the ultrasound diagnosis apparatus 100
(200) may mark a first marker on a position of the first OOI.

For example, the ultrasound diagnosis apparatus 100
(200) may mark the first marker on the generated ultrasound
image. In this case, the ultrasound diagnosis apparatus 100
(200) may mark the first marker with respect to a viewing
point corresponding to the generated ultrasound image,
based on a direction of a point where an OOI corresponding
to the first marker 1s located.

Moreover, the ultrasound diagnosis apparatus 100 (200)
may mark the first marker on one region of an outer region
of the ultrasound 1mage with respect to a certain region of
the object corresponding to the ultrasound 1image, based on
a direction where an OOI corresponding to the first marker
1s located.

As described above, according to the one or more of the
above exemplary embodiments, a marker for an OOI which
1s not mcluded in an ultrasound 1mage 1s marked to corre-
spond to a position of the OO, thereby enabling the position
of the OOI to be easily recognized. Accordingly, scan
elliciency and convenience of a user are enhanced.

The ultrasound diagnosis apparatus and the method of
operating the same according to embodiments of the present
invention may also be embodied as computer readable codes
on a computer readable recording medium. The computer
readable recording medium 1s any data storage device that
can store data which can be thereafter read by a computer
system. Examples of the computer readable recording
medium include read-only memory (ROM), random-access
memory (RAM), CD-ROMs, magnetic tapes, floppy disks,
and optical data storage. The computer readable recording
medium can also be distributed over network coupled com-
puter systems so that the computer readable code may be
stored and executed 1n a distributed fashion.

It should be understood that the exemplary embodiments
described herein should be considered 1n a descriptive sense
only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects 1n other exemplary embodiments.

While one or more exemplary embodiments have been
described with reference to the figures, 1t will be understood
by those of ordinary skill 1n the art that various changes in
form and details may be made therein without departing
from the spirit and scope as defined by the following claims.

What 1s claimed 1s:

1. An ultrasound diagnosis apparatus comprising:

an ultrasound probe;

a display;

an 1mage processor; and

a memory storing istructions that, when executed by the
1mage processor, cause the image processor to perform
operations comprising:

acquiring ultrasound data about an object representing a
part of a human or animal from the ultrasound probe;

generating a {irst ultrasound i1mage in a first viewing
direction with a first viewing point and a map i1mage
corresponding to the first ultrasound i1mage, based on
the acquired ultrasound data;

detecting objects of interest (OOIs) representing at least
one of an organ, a polyp, or a lump in the object, based
on the acquired ultrasound data;
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determining a first object of interest (OOI) which 1s not
included in the first ultrasound 1mage among the OOls,
based on the first ultrasound 1image;

controlling the display to display the map 1mage repre-
senting a relationship between a first region that a
virtual ray reaches based on the first viewing direction

with the first viewing point and a position of the first
OOI; and

controlling the display to display a first marker corre-
sponding to the position of the first OOI outside or
inside of the first ultrasound image, based on the
relationship between the first region that the virtual ray
reaches and the position of the first OOI;

adjusting at least one of the first viewing point or the first
viewing direction to be a second viewing point or a
second viewing direction, respectively, based on the
relationship, so that the position of the first OOI 1s
included in an area that the virtual ray reaches; and

controlling the display to display a second ultrasound
image based on the at least one of the second viewing
point or the second viewing direction, and to display a
second marker corresponding to the position of the first
OOl on the second ultrasound 1mage,

wherein, when the position of the first OOI 1s not included
in the area that the virtual ray reaches, the controlling
the display to display the first marker includes:

controlling the display to display the first marker in a

border region among outer border regions of the first
ultrasound 1mage, based on the relationship.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the ultrasound data 1s three-dimensional (3D) volume data,
and each of the first and second ultrasound 1mages 1s a 3D
ultrasound 1mage which 1s generated by volume-rendering
the 3D volume data.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the first marker comprises at least one selected from a text,
an 1mage, and a moving 1image which represent the first OOI.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the 1mage processor determines a color or a size of the first
marker, based on the position of the first OOI.

5. The ultrasound diagnosis apparatus of claim 4, wherein
the 1mage processor determines the size of the first marker,
based on a distance between the first viewing point and a
point indicating the position of the first OOI.

6. The ultrasound diagnosis apparatus of claim 1, wherein,

the 1mage processor generates a third marker correspond-

ing to a second OOI which 1s included 1n the second
ultrasound image, and the display marks the third
marker on the second ultrasound 1mage for the third
marker corresponding to a position of the second OOI.

7. The ultrasound diagnosis apparatus of claim 6, wherein
the display marks the third marker in a color or size diflerent
from the first marker.

8. The ultrasound diagnosis apparatus of claim 1, wherein
when the first OOI 1s located in a second region that 1s in
front of a region corresponding to the first ultrasound 1image
with respect to the first viewing direction, the 1mage pro-
cessor controls the display to mark the first marker on the
first ultrasound 1mage.

9. The ultrasound diagnosis apparatus of claim 1, wherein
the 1mage processor controls the display to mark the first
marker on the border region of the first ultrasound image
when the first OOI 1s located 1n at least one selected from a
left region, a right region, an upper region, and a lower
region of a region corresponding to the first ultrasound
image with respect to the first viewing direction.
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10. A method of operating an ultrasound diagnosis appa-
ratus, the method comprising:

acquiring, by an 1mage processor, ultrasound data about
an object representing a part of a human or animal;

generating, by the image processor, a first ultrasound
image 1n a {irst viewing direction with a first viewing
point and a map 1mage corresponding to the first
ultrasound 1mage, based on the ultrasound data;

detecting, by the image processor, objects of interest
(OOIs) representing at least one of an organ, a polyp,
or a lump 1n the object, based on the acquired ultra-
sound data;

determining, by the image processor, a first object of
interest (OOI) which 1s not included 1n the first ultra-
sound 1mage among the OOIs based on the first ultra-
sound 1mage;

controlling, by the image processor, a display to display
the first map 1mage representing a relationship between
a first region that a virtual ray reaches based on the first
viewing direction with the first viewing point and a
position of the first OOI; and

controlling, by the 1image processor, the display to display
a first marker corresponding to the position of the first
OOl outside or iside of the first ultrasound 1mage,
based on the relationship between the first region that
the virtual ray reaches and the position of the first OOI;

adjusting by the 1image processor, at least one of the first
viewing point or the first viewing direction to be a
second viewing point or a second viewing direction,
respectively, based on the relationship, so that the
position of the first OOI 1s included 1n an area that the
virtual ray reaches; and

controlling, by the 1image processor, the display to display
a second ultrasound 1mage based on the at least one of
the second viewing point or the second viewing direc-
tion, and to display a second marker corresponding to
the position of the first OOI on the second ultrasound
1mage,

wherein, when the position of the first OOI 1s not included
in the area that the virtual ray reaches, the controlling
the display to display the first marker comprises

controlling the display to display the first marker in a first

border region among outer border regions of the first
ultrasound 1mage, based on the relationship.

11. The method of claim 10, wherein the ultrasound data
1s three-dimensional (3D) volume data, and each of the first
and second ultrasound 1mages 1s a 3D ultrasound image
which 1s generated by volume-rendering the 3D volume
data.

12. The method of claim 10, wherein the first marker
comprises at least one selected from a text, an 1image, and a
moving 1image which represent the first OOL.

13. The method of claim 10, wherein the generating of the
first marker comprises determining a color or a size of the
first marker, based on the position of the first OOI.

14. The method of claim 13, wherein the generating of the
first marker comprises determining the size of the first
marker, based on a distance between the first viewing point
and a point indicating the position of the first OOL.

15. The method of claim 10, further comprising:

generating a third marker corresponding to a second OOI

which 1s included 1n the second ultrasound 1mage, and
marking the third marker on the second ultrasound
image for the third marker corresponding to a position

of the second OOI.
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16. The method of claim 15, wherein the marking the third
marker comprises marking the third marker 1n a color or size
different from the first marker.

17. The method of claim 10, wherein the controlling the
display to display the first marker comprises marking the 5
first marker on the first ultrasound 1image when the first OOI
1s located in a second region that 1s 1 front of a region
corresponding to the first ultrasound 1mage with respect to
the first viewing direction.

18. The method of claim 10, wherein the controlling the 10
display to display the first marker comprises marking the
first marker on a border region of the first ultrasound image
when the first OOI 1s located 1n at least one selected from a
left region, a right region, an upper region, and a lower
region ol a region corresponding to the first ultrasound 15
image with respect to the first viewing direction.
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